We consider a simple model for the propagator of a non-perturbative gluon and derive the rules determining its coupling to perturbative gluons and quarks. With these rules, we evaluate the fourth and sixth-order amplitude for quark-quark scattering at high energies. In this framework, numerical predictions are presented for high energy nucleon-nucleon scattering and compared with experimental data.
Introduction
The continuous interest in searching for a non-perturbative model of the transverse gluon propagator [1, 2] threw open, recently the problem of high energy hadron scattering to a new field theoretical description. Applications to elastic scattering range from models based on a phenomenological ansatz [3] to more ambitious attempts [4] .
We can compare two proposals. The perturbative approach to the Pomeron, first discussed by Lipatov [5] , has a sound basis. It gives reliable results where the leading logarithmic approximation holds. The derivation of a non-perturbative gluon propagator from QCD contains instead many assumptions to be proven such as, for example, the truncation of the Schwinger-Dyson equations.
In many of these studies, based on QCD, the lowmomentum singularity of the gauge field propagator is softened. A soft infrared behaviour can be obtained in a Yang-Mills theory with Higgs mechanism, where the gluon acquires a mass. A similar situation is realized for some solutions of the Schwinger-Dyson equations or simply in the presence of a cutoff. The softening of the 1/k 2 pole seems required also on phenomenological grounds [3] .
These assertions are in conflict with a popular suggestion of the confinement mechanism where vacuum instability implies that low frequency modes are enhanced [6] [7] [8] . The same mechanism leads to an indefinitely rising linear potential between quarks and it is successful in determining the meson and baryon masses.
As matters stand it seems that spectroscopy and scattering need different and, in a sense opposite, descriptions. Our aim is to show that this dichotomy can be overcome.
In this paper we consider a model for the Pomeron based on the analyticity properties of the gluon propagator in QCD. The non-perturbative gluon propagator will be discussed in Sect. 2 together with the derivation of the Green functions necessary for the description of quarkquark scattering. Section 3 collects the calculations of the scattering amplitude up to sixth order of perturbation theory. Applications to nucleon-nucleon scattering will be investigated in Sect. 4.
The model and its rules
We start from the following structure function of the transverse gluon propagator c 1
that is the simplest realization of the analyticity requirement [9, 10] . The parameters c, #2 and M 2 depend on the coupling and vanish when 9~ +0. In the model they will be considered as constants and their values being determined from the predictions implied by (1). Gluon condensate [11] and heavy quark spectroscopy [12] fix these parameters:
In [12] the non relativistic potential associated with (1) has been considered. With the parameters of (2) the mass spectrum of charmonium and bottomonium is successfully reproduced.
The first term in the r.h.s, of (1) clearly enhances low fi'equency modes and, as we shall see, it shares other properties with a well known confinement mechanism [6, 7] . In the following we will refer to this term as to the non-perturbative gluon propagator.
We consider now other relevant Green functions and choose the Landau gauge where (1) has been obtained. First we will show that ghosts are not important in our calculations but they will play a role in the determination of the triple-gluon vertex. The ghost propagator will then be used like an auxiliary function for identifying renormalization constants.
Let G(p 2) be the correction factor for the ghost propa-
since Z1 = 1 in Landau gauge, the renormalized Schwinger-Dyson equation for the ghost propagator can be written as (with euclidean momenta) and consider the Slavnov-Taylor identity for the threegluon vertex. In the limit of any. one of the incoming momenta going to zero we obtain, due to the smallness of #2, the approximate equation
T~(O,-r,-r)=-iT~I(g~ --;g-)D-r~r~\ 1(--r2)1.
When r2--+oo, we get from (1) T
" ~ ~(0,-r,-r)] ~-~ ~ --+ -i~(gU~r ~ -2g ~ ~r ~ + g~ U r~),
and the emission of a non-perturbative gluon from a perturbative one is strongly suppressed. If r 2 = -#2 4# 2 TUv~ (O,-r,-r)l~= _u~ --i~(gU~r~--2g~rU +g~r ~) , C that is the perturbative answer multiplied by 4#4/(cM2).
This factor changes the non-perturbative propagator to a "perturbative" one
I 1 cM 2 r2 Z# 2) ~=_u~ --* M~,
while the vertex remains perturbative. Accordingly, in the triple vertex function at least one gluon must be perturbative. In this sense, the non-perturbative gluon is "abelian-like"; it can emit or absorb perturbative gluons, but it does not interact with itself [7] .
This rule forbids many diagrams in quark-quark scattering. Otherwise, one diagram with n internal gluon lines would give rise to 2 n different diagrams when gluons of two kinds are considered.
Another simplification concerns the quark-gluon vertex. The emission of two gluons with zero momentum from a quark is suppressed since   1,fdrsr,fs, ,/G.r,s,r,,/G,:
Here S and F refer to the~quark propagator and to the quark-gluon vertex while Z3 is the renormalization constant of the ghost propagator (2~1 = 1). As a consequence, a quark cannot emit or absorb two successive non-perturbative gluons. If a pair of gluons is exchanged between two quarks, our approximate scheme leaves only two possibilities: two perturbative gluons, or one perturbative and one non-perturbative gluon, with weight two. All the rules for the gluon of "mass" M remain the usual Feynman ones. This approach presents many features in common with the Mandelstam mechanism of confinement [-7] with one important difference. The potential derived from (1), in the lowest order, reproduces the potential of the Schwinger model that provides for screening but not for confinement.
In the next section we will use these rules to calculate fermion-fermion scattering at high-energies. It is not a trivial fact that Feynman gauge can be used, instead of Landau gauge, without changing the asymptotic behaviour of the diagrams we consider. This conclusion is quite natural for t-channel gluons. For s-channel gluons such a simplification occurs because also the discontinuity of the spin structure k~k ~ g"V -k 2 + ie contributes.
The high-energy amplitude
Many calculations of the fermion-fermion scattering amplitude in non-Abelian gauge theories have been done in the past [5, [15] [16] [17] . The methods of calculation are different but results coincide at least at order 9 6.
We follow the method of [15] since it allows to describe the transition from quark to nucleon scattering in an easier way. We decompose the amplitude into a part with colour flip in the t-channel (oc2 (1)2 (2)) and a colournonflip part (oc6~1)6(2)).
The latter will be interpreted as the Pomeron contribution, a colour singlet formed by two or more gluons. The superscripts (1) and (2) refer to the upper and lower quark respectively. Since the calculation follows [15] we will not enter in technical details but will comment afterwards on the main differences.
